The earth's surface is a highly variable and diverse environment where the physical and chemical properties of the soil and rock matrix change with depth as well as across the landscape. Moreover, significant changes in moisture content and biological activity occur over time due to weather events, seasonal variation, and interactions among plants, microbes, minerals, and fluids. This variability poses challenges to water managers and engineers, and instruments that can describe the heterogeneity of the subsurface and monitor changes over time are limited.
In an article recently published in Vadose Zone Journal, researchers describe several portable borehole nuclear magnetic resonance (NMR) tools that have been developed recently to address these monitoring challenges. Directly sensitive to water molecules, NMR can provide information about parameters of interest in soils and rock like porosity and permeability, saturation, fluid viscosity, and formation mineralogy. Borehole NMR tools have been used to measure soil moisture, estimate the hydraulic properties of unconsolidated aquifers, and monitor biologically induced changes over time for bioremediation applications. The versatility of the NMR method and continued improvements in hardware development significantly enhance our ability to characterize the subsurface and track targeted changes over time so that water use and engineering applications can be optimized.
Adapted from Kirkland, C.M., and S.L. Codd. 2018. Low-field Schematic of a generalized borehole NMR wire-line logging tool with a cylindrical excitation-detection shell. The magnitude of the static magnetic ield (B 0 ) decays with radial distance from the well. The NMR probe is tuned to excite protons (water) at a particular Larmor frequency, which corresponds to a particular radial distance from the well. Lower frequencies produce excitationdetection shells outside the disturbed soil zone that results from traditional well-drilling methods.
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New Insights on How Water is Mixed in the Soil
Understanding water flow and transport processes in the soil is necessary to assess plant water availability and the fate of contaminants. While hydrological models usually assume that the soil water is well mixed, recent studies showed that the isotopic composition ( 18 O and 2 H) of the most mobile soil water (sampled with a suction lysimeter) is different from the bulk soil water (e.g., sampled with cryogenic extraction).
An article was recently published in Vadose Zone Journal, within the special section on "Stable Isotope Approaches in Vadose Zone Research" in which researchers found this diverging pattern to also be present in podzols of northern environments in Scotland, Sweden, and Canada. Mobile water was isotopically more similar to precipitation while bulk water (mobile plus more tightly bound water) isotopic compositions showed a fractionation signal due to soil evaporation.
Testing different conceptualizations of the soil processes in a physical model, the authors showed that observed isotopic differences across soil pore spaces stem from both different percolation rates of the mobile and less mobile water and exchange between these two subsurface water pools via the vapor phase.
These findings are relevant to the interpretation of soil water stable isotope data and contribute to the development of improved process realism in hydrological models. Published online July 5, 2018
